Where the trace amount of water presumably come from the precursor raw material or during sample preparation.
The UV-visible absorption spectra of the above solutions with a volume ration of 5 μl/2 ml in GBL/DMSO solvents were recorded on a UV-Vis-NIR spectrophotometer (UV-3600, Shimadzu Scientific Instruments). The perovskite films were deposited on a quartz substrate for test. The top-view morphologies of the perovskite films which were prepared on ITO/NiO x substrates using an FEI Nova Nano-SEM 450 system. X-ray diffraction (XRD) data of the perovskite films were determined using a Philips diffractometer (X'pert PRO MRD) using Cu
Kα radiation (λ = 1.540598 Å) as the X-ray source at room temperature. For the photoluminescence (PL) and time-resolved photoluminescence (TRPL) measurements, the samples were prepared on quartz substrates. The PL emission spectra were measured by a Fluorescence Spectrometer (Edinburgh Instrument, FLS 920) with an excitation wavelength of 532 nm. TRPL decay spectra were measured using a Delta Flex Fluorescence Lifetime System monitored at 770 nm.
The J-V curves of the as-prepared solar cells were tested in a nitrogen-filled glovebox with a Keithley 2400 source-measure unit. The scan rate was 20 mV s −1 . The light intensity is AM 1.5 G irradiation (100 mW cm −2 ) from a 450 W solar simulator (Newport 94023A-U), which has been calibrated by using a standard silicon solar cell. The stabilized power output versus time of devices was measured by applying a bias at the maximum power output point. The EQE spectra were measured using a 150 W xenon lamp (Oriel) that was equipped with a monochromator (Cornerstone 74004) as the light source. 
